Many attempts have been made to influence the growth of tumors by altering the amount or quality of the diet. In the experiments reported here, the effect of eliminating potassium, an element essential to growth of the body, upon a transplantable carcinoma of the mouse was investigated.
The results of potassium deprivation have been extensively studied. Miller10 found that when the potassium content of the food of young rats weighing between 40 and 60 gm. was reduced below 0.1 per cent their growth was greatly retarded. In subsequent work1' Miller reported that the potassium requirement for the growth of the male was almost twice that of the female; the amount required for maintenance of a mature rat was Y8 that of the growing male. Lesions in the heart and other organs of rats after deprivation of potassium were described by Schrader, Prickett, and Salmon."3 Thomas , Mylon, and Winternitz"8 found that the myocardial lesions in the rat depended on an associated deficiency of vitamin B6. No other anatomical changes were noted by these observers. Chemical analyses of deficient rats by Heppel' showed marked depletion of muscle potassium with replacement by sodium; liver, however, was discovered to be tenadous of its potassium.
Analysis of tumor tissue has shown in general an increase in potassium which is roughly proportional to the rate of growth."4'6" 19 On the other hand, when normal or malignant cells are deprived of potassium in vitro they fail to grow.'7 These observations have been the stimulus to the present work.
Materials and methods
The potassium-free diet: The low-potassium diet was that described by Heppel, with the following modifications. Sodium was added in the form of the chloride to make the total salt content equimolar with that of the control diet. In the control diet, potassium chloride was substituted for potassium hydrogen phosphate so that the final concentration of potassium in this diet was 0.55 per cent. During a part of the time when Vitab rice-bran extract was unavailable, an extract of brewer's yeast was substituted. This was treated similarly to the rice-bran material in an attempt to reduce its potassium content. The control and experimental animals at all times received the same basic diet.
The food was supplied to the animals in the form of firm but friable cakes 2 cm. thick made by allowing the slightly moist mixture of ingredients to dry. An attempt was made to have an abundance of diet always available. There was considerable wastage so that it was necessary to supply each animal with about 3 gm. of food daily. This held true for animals in both the control and the experimental groups. Distilled water was supplied at all times. Mice receiving the basic diet with no added factor other than potassium thrived for at least five months.
The animals: Mice of the ABC albino strain were used in these experiments. mouse of the Bar Harbor stock several years ago. The incidence of successful takes in ABC mice generally exceeds 85 per cent. The tumor in this laboratory has now lost its glandular architecture and is composed of spindle-shaped cells. In tissue culture the tumor does not grow in a sheet, like epithelium, but in branching fashion like a sarcoma. Nevertheless, some epithelial characters are retained, as indicated by reticulum stains.2
Fragments of the tumor were inoculated into the subcutaneous tissues of the abdominal wall by means of a trochar. In each experiment pieces of a single well-preserved young tumor were implanted and groups of control and experimental mice were alternated during the procedure.
The tumors were measured usually at intervals of from 3 to 5 days. The dimensions of a tumor were taken with a vernier caliper gauge and their product was used as a measure of the size of a tumor. When the animals were killed the tumors were dissected free, three dimensions were obtained, and the tumors were weighed.
Pathology studies: At necropsy the tissues were fixed in Zenker-acetic solution for histological examination. Various organs were weighed and portions of some were taken for analysis. During this first interval the average weight of the mice on the potassium-free diet did not vary significantly (see Chart I); but those on the control diet gained weight rapidly, reaching on the 21st day an average weight of 26.5 gm. as compared with the 20.7 gm. of those on the deficient diet. The fail-ure of the mice in the experimental group to gain weight was taken as evidence of potassium deficiency.
Second interval (21st-42nd day). On the 21st day the tumor was implanted. Its subsequent growth curve is recorded in Charts II and III. Tumors which ultimately regressed were not included. These are discussed in a separate section. The earliest tumors appeared in about equal numbers in both groups and at about the The growth of the tumor in the control animals was more rapid than that in the others. On the 42nd day of the experiment (21 days after inoculation of the tumor) the mean surface area of the tumor in the control group was significantly greater than that in the potassium-deficient group (see Table 1 ). The animals with the larger tumors in each of the two groups were selected in such a manner that the ratio of the average area to that of the group as a whole was approximately the same in each instance. In this way the areas of the tumors of the surviving animals on the average represented, proportionately, those of the original groups.
On this 42nd day, 13 animals in the potassium-free group and 14 of the controls were killed. The animals with the larger tumors were marked for sacrifice at this time, but this was done in a proportional manner (see Table 2 ). In this group of 27 animals the difference of the weights of the tumors in the control and experimental groups is not as significant statistically as the difference between the tumor areas in each group as a whole (Table 3) . Necropsies and chemical analyses were made as outlined in the section on methods.
Third interval (42nd-59th day). On the 42nd day the diets of the two original groups were interchanged. Immediately the weights of the formerly potassium-free animals rose and those of the animals now on the deficient diet fell rapidly (Chart I). Dur- ing the second interval there were only slight deviations from the weights of the animals at the beginning of this period.
The growth curve of the tumors in the re-alimented group now begins to rise more steeply than that of the newly deficient group. In fact, on the 54th day the mean area of the tumors in the former group exceeds that in the latter (see Table 4 ). These differences are more striking when the increments in area from the beginning of the third interval to the 54th day are compared ( gressions, hwever, in the group of 15 animals whose diets were rendered potassium-free, which occurred after this change in regimen. These are indicated in Chart IV. The association of the regressions with the change in diet is of interest in connection with the observation of Tannenbaum."8 He found that the growth of tumors arising in full-fed animals was retarded when the animals were subsequently under-fed, but that tumors arising in animals already under-fed grew at the same rate as the controls. The incidence of spontaneous tumors in Tannenbaum's series was greater in the full-fed group.
Chemical artlyses
Analyses of muscle, tumor, and liver were made. The results are summarized in Table 5 Weights of organs A remarkable increase in the weight of the kidney was observed in the potassium-deficient animals. The increase in weight per unit of body weight was much more striking than was the absolute increase, and is highly significant statistically (see Table 6 ). Number of animals 6 9 On the other hand, the ratios of liver weight to body weight were about the same in the two groups. An analysis of the anatomical and clinical factors underlying the increase in weight of the kidney in the state of potassium deficiency is complicated in animals bearing tumors. A preliminary presentation of anatomical changes is made in the next section.
It is interesting to note that Winters, Smith, and Mendel20 noted a similar increase in the size of the kidneys of rats on a diet as nearly deficient in salts as possible. The experiments reported here indicate that specific deficiency of a single known element can have the same effect in another species.
Another possible correlation may be with the observation of Selye,14 confirmed by Pfeiffer, Emmel, and Gardner,'2 that administration of testosterone to young male mice produces hypertrophy of the kidney. The latter workers saw no evidence of hyperplasia, but attributed the increase in weight of the kidney to hypertrophy of the cells throughout the tubules.
Anatomical observations General appearance. At the time of necropsy of the first group of -animals before the interchange of diets (42nd day) those of the low-potassium group seemed in good condition except for a few which showed anasarca and other evidence of congestive heart failure. The fat depots were depleted and thymic tissue seemed much less abundant than in the control animals. There was no evidence of disease of the lung and the cranial sinuses did not contain purulent material.
Histological observations were made of the Zenker fixed tissues of the animals killed on the 42nd day and of those killed on the 60th day (18 days after the interchange of diets). The latter group was chosen to see what evidence of healing of possible lesions there was after re-alimentation. The numbers of animals-examined are indicated in Table 7 . Blood. Counts of the red and white blood cells were made in representative animals from both groups. There was more variation in the counts of the animals in the low-potassium group (with the exception of one animal whose count was 4.46, the range was 6.87 to 13.26; average 8.95) but they tended in general to be higher than those of the controls (range 6.42 to 11.7; average 8.09). No changes were noted in the blood smears or in -the total numbers of the leukocytes.
Tumors. The tumors were remarkably well preserved and showed, as a rule, only minute disseminated foci of necrosis in the animals killed on the 42nd day. The histological appearance of the tumors in the control and experimental groups is similar. Mitoses are numerous in both and are seen in all stages.
Following the interchange of diets massive necrosis was a striking feature of the tumors of both groups. Nevertheless, some wellpreserved tumor tissue was noted in each.
Heart. Striking changes, as described by previous observers in other species, were seen in the hearts of the animals on the potassium-deficient diet. The lesions were equally extensive in those animals of the potassium-deficient group in which the tumors failed to take. The lesions consisted of foci of necrosis of the muscle with zones of replacement of myocardium by loosely arranged cellular connective tissue containing small numbers of leukocytes, largely of the lymphocytic and large mononuclear types (Figs. 1 and 2 ). The hearts of the control animals were entirely free of such changes.
After re-alimentation the heart lesions in the originally potassium-low group showed evidence of healing. The areolar connective tissue was replaced by more densely arranged scar. There was no longer evidence of necrosis of the muscle fibers, and fewer leukocytes were present (Fig. 3) . In the case of those animals which at first served as controls and which were then deprived of potassium for 18 days the lesions were exceedingly small but were of the same type as seen in the potassium-deficient animals before re-alimentation.
Voluntary muscle. At the end of the first period, the voluntary muscle showed no notable changes. Nevertheless, upon re-alimentation, occasional muscle fibers were seen to have become remarkably transformed. The well-preserved sarcolemma was distended by an amorphous granular mass which took the hematoxylin stain (Fig. 4) . Von Kossa stains reveal the presence of calcium in these fibers. They resemble those in the heart of the potassium-deficient pig, as described by Thomas, Mylon, and Winternitz."8 Kidneys. The remarkable absolute and relative increase in the weights of the kidneys of animals deficient in potassium was correlated anatomically with evidence of increase in the size of the cells and in hyperplasia. Under moderate magnification it is apparent that the tubules in the deficient animals have large lumina but that the lining cells are at least as tall as in the controls (Figs. S and 6 ). These changes are most striking in the loops of Henle and in the collecting tubules and are brought out with great clarity at the apices of the pyramids in the regions of the papillary ducts (Figs. 7 and 8) . The parietal layer of Bowman's capsule is cuboidal, as is common in the mouse under certain conditions (Crabtree5) but no quantitative studies were made in the course of the present experiment.
Some tubules in the deficient animals are greatly distended and are lined by flattened epithelium. The cytoplasm of the cells, particularly in the loops of Henle, is more coarsely granular in part and in part more vacuolated than in the control animals. In the papillary ducts the cytoplasm of the columnar cells in some of the lowpotassium animals shows a coarse granularity approaching colloid change. The nuclei, however, are very well preserved, except in a few isolated instances where necrosis is in evidence. Here the fibroblasts in the interstitium have proliferated and the tissue response resembles that in the heart, except for the absence of leukocytes (Fig.  10) . It is possible that compression of portions of some tubules by this process may account for the dilated proximal portions, where flattening of the lining epithelium has occurred. Mitoses are numerous, especially in the epithelium of the collecting tubules and loops of Henle of the deficient animals ( Fig. 9 ), but are exceedingly rare in the controls. Most of these occur in tubules where there is no evidence of necrosis. There is no evidence of infection in either group of animals and there is no cellular exudate. There is no evidence of hydronephrosis in either group.
When the potassium is restored to the diets of the deficient animals, some of these changes are resolved. The cytoplasm of the tubular epithelium becomes less coarse, and the character of the papillary region is reversed in comparison with the former control animals now deprived of potassium. Nevertheless, some tubules remain dilated and are lined by flattened cells. Certain glomeruli also show hyaline change and lie within scars embedding small mononuclear cells. It is probable that these are glomeruli associated with the dilated tubules just described and that the dilatation of the latter is the result of compression by proliferated connective tissue about partially necrotic tubules as seen in the acute stage.
Such proliferated connective tissue is still in evidence in these re-alimented animals. No such scarred glomeruli are encountered in the former controls recently rendered deficient before necropsy. This indicates that a long-standing potassium deficiency is necessary for production of these lesions and that they are not merely the result of subsistence for a long time on the basal diet employed in the experiment.
The changes in the kidney are interpreted in part as those of hypertrophy and hyperplasia, but there is also evidence of necrosis of occasional epithelial cells and of colloid change of the cells of the papillary ducts and of proliferation of the interstitial tissue. The weight of the organs may also be increased by the apparently greater capacity of the tubules with their contained fluids. The more severe effects of renal damage and of hyperplasia, however, apparently play a minor role in the increased weight of the kidney, since by 17 days after re-alimentation the kidney/body weight ratio is only slighdy higher than it was in the controls at the beginning of this period.
Histological examination of the pituitary, thyroid, gonads, liver, spleen, skin, intestines, and bone marrow revealed no changes of note except for evidences of congestive heart failure in a few of the potassium-deficient mice.
Experiment II. The second experiment was designed to determine whether the growth of an already established tumor could be influenced by creating a potassium deficiency. At the same time the question concerning regressions raised in the preceding series of observations could be put to the test with a larger number of animals.
Older animals having an average weight of about 27 gm. were employed at this time. This was to avoid the disparity in weight of the groups under test arising from the failure of potassium-deficient animals to gain, as observed previously (Chart I). It was to be expected from the work of Miller that such adult animals would suffer relatiyely less from the dietary deficiency in potassium. To test the effect of the growing tumor on the total weight of the animal, an additional group of mice without tumors was maintained on a control diet.
Accordingly, three groups of animals were selected as follows: 1. 29 mice kept on the control diet and not inoculated with tumor.
2. 23 mice on the control diet, inoculated with tumor on the first day.
3. 36 mice inoculated with tumor on the first day and placed on the potassium-free diet on the twentieth day.
Before this time all groups were maintained on the control diet. Weights of animals (Chart V). The animals in the first group (control, no tumor) gained a maximum average weight of 3.5 gm.
a WIGHT$CONW"IMALS The animals that were inoculated with tumor lost *^i n weight,-those on the ":~--* ----e potassium-free diet an aver-* 34~o - before the diets were changed (Chart V). The depreciation in weight may in part be accounted for by infection of the tumor associated with relatively early ulceration as compared with the tumors in the first experiment. The tumors seem to depress the total weight of the mature animal, whether or not the animal has sufficient potassium in the diet employed.
The tumor grew more rapidly than in the initial experiment. The percentage of successful transplantations was higher (95 per cent). Ulceration appeared earlier and was more extensive than in the preceding groups. Again tumors which ultimately regressed or which ulcerated extensively early in the procedure or which were gnawed by the animals were not included in the tabulations. Relatively little effect of the potassium deficiency in depressing the growth curve of the tumor was noted in this experiment as compared with Experiment I. Between the seventh and eleventh days of the potassium-free diet the growth curves of the tumors in the two groups cross, that for the tumors of the experimental group losing in steepness (Chart V). Statistical analysis, however, shows no significant difference between the surface areas of the tumors of the two groups on the eleventh day.
No significant difference was noted in the number of regressions in these two groups (potassium-free group 3 out of 39 and control group 3 out of 27).
Histological study of the organs (after 18 days of the potassiumdeficient diet) shows only minimal changes in the heart, chiefly in the form of necrosis and slight replacement with connective tissue. This is evidence of relatively slight deficiency in potassium as compared with the animals in Experiment I. The anatomical changes in the kidney also are relatively minor. The weights of these organs were not obtained in this experiment. The analyses of the organs also show that the animals in this experiment were relatively less deficient (see Table 5 ). This is strikingly brought out by a comparison of the Na/K ratios of the muscle tissue in the two experiments. In the first, this ratio is 1.1 8; in Experiment II it is only .808.
It must be noted that the animals were kept on the deficient diet for only 18 days before autopsy in Experiment II, as compared with 42 days in Experiment I. Another factor tending to make the animals in the second experiment relatively less deficient is the greater age of the animals, since the younger, growing animals would become deficient earlier.1' Also, necrotic tumor tissue may act as a source of potassium and therefore it may be more difficult to deplete animals with tumors than those without them.
It may be concluded: (1) that there was less evidence of potassium deficiency in this series than in Experiment I; (2) that the growth rate of established tumors was altered relatively slightly by eliminating potassium from the diet for a period of 18 days; (3) that regressions of tumors were not induced by this procedure. Discussion It may be argued that the growth rate of the tumors was depressed in the potassium deficient mice because of "poor general condition." The connotations of this phrase are obscure. A few of the deficient animals were in congestive heart failure as a result of the lesions in the myocardium, but there was no evidence of infection in the low-potassium group or of any other factor that would selectively change the status of the animals beyond the simple potassium deficiency. This is confirmed by the remarkable effect of re-alimentation when, in Experiment I, the weights of the formerly deficient animals immediately began to rise and the growth rates of the tumors increased. For example, two animals whose tumors had regressed and which had been kept on the potassium-low diet for two months and had reached weights of 18.5 and 20 gm., respectively, rose to 26 and 27 gm. within five days after the control diet was supplied.
The relation of the cardiac lesions to vitamin B6 is of interest.
Thomas, Mylon, and Winternitz"8 found that in young rats on a potassium-deficient diet no heart lesions would result in the presence of an adequate intake of this vitamin. In the experiments reported here vitamin B concentrates, treated with alcoholic tartaric acid to eliminate potassium, were supplied in large amounts. The rapid growth of the mice on the control diet and the rapid resumption of growth of the deficient animals immediately upon supplying potassium speak against vitamin deficiency.
Summary and conclusions The growth of tumor 15091a in ABC albino mice deficient in potassium is significantly retarded in comparison with its growth in controls.
Large rapidly growing tumors are not significantly influenced in their growth by removing potassium from the diet.
Evidence of potassium deficiency is (1) cessation of gain in weight; (2) increase in the weight of the kidney associated with hypertrophy and proliferation of the epithelium of the tubules, focal increase in interstitial connective tissue associated with necrosis of isolated epithelial cells, and dilatation of the tubules; (3) striking reduction of the potassium and increase of sodium in voluntary muscle without significant change in liver or tumor tissue; (4) necrosis of cardiac muscle and replacement by granulation tissue.
Upon re-alimentation young animals resume growth, the cardiac lesions tend to heal by scarring, the kidney approaches its normal weight and appearance, and the chemical structure of the muscle is restored. 
